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Background: Evidence exists that even at high CD4 counts, mortality among HIV-infected antiretroviral 
therapy (ART) naive individuals is higher than that in the general population. However, many developing 
countries still initiate ART at CD4 <350 cells/mm 3 . 

Objective: To compare mortality among HIV-infected ART naive individuals with CD4 counts >350 cells/ 
mm 3 with mortality in the general Ugandan population and to investigate risk factors for death. 
Design: Population-based prospective HIV cohort. 

Methods: The study population consisted of HIV-infected people in rural southwest Uganda. Patients were 
reviewed at the study clinic every 3 months. CD4 cell count was measured every 6 months. Rate ratios were 
estimated using Poisson regression. Indirect methods were used to calculate standardised mortality ratios (SMRs). 
Results: A total of 374 participants with CD4 >350 cells/mm 3 were followed for 1,328 person-years (PY) over 
which 27 deaths occurred. Mortality rates (MRs) (per 1,000 PY) were 20.34 (95% CI: 13.95-29.66) among 
all participants and 16.43 (10.48-25.75) among participants aged 1 5 49 years. Mortality was higher in periods 
during which participants had CD4 350-499 cells/mm 3 than during periods of CD4 >500 cells/mm 3 although 
the difference was not statistically significant [adjusted rate ratio (aRR) = 1.52; 95% CI: 0.71-3.25]. Compared to 
the general Ugandan population aged 15^49 years, MRs were 123% higher among participants with CD4 > 500 
cells/mm 3 (SMR: 223%, 95% CI: 127-393%) and 146% higher among participants with CD4 350^199 cells/mm 3 
(246%, 1 17%— 516). After adjusting for current age, mortality was associated with increasing WHO clinical stage 
(aRR comparing stage 3 or 4 and stage 1: 10.18, 95% CI: 3.82-27.15) and decreasing body mass index (BMI) 
(aRR comparing categories < 17.4 Kg/m 2 and > 18.5 Kg/m 2 : 6.11, 2.30-16.20). 

Conclusion: HIV-infected ART naive individuals with CD4 count > 350 cells/mm 3 had a higher mortality than the 
general population. After adjusting for age, the main predictors of mortality were WHO clinical stage and BMI. 
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Mortality among HIV-infected individuals is 
much higher than in the general population 
(1-3) with the risk of death increasing as the 
CD4 cell count declines (4). Antiretroviral therapy (ART) 



is currently the most effective intervention for reducing 
mortality among HIV-infected individuals. The impact 
of ART in reducing mortality among HIV-infected 
people has been reported in developed countries (5) and 
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low-income countries (6). However, in many developing 
countries, ART is still initiated when there is evidence of 
a significantly high risk of death, usually evidenced by 
clinical deterioration or low CD4 cell count. Currently, 
CD4 cell count is the most commonly used marker of 
immunological deterioration and HIV disease progres- 
sion (7). In 2010, the World Health Organization (WHO) 
advised that HIV-infected people should be initiated on 
ART when their CD4 cell count is <350 cells/mm 3 (8). 
As a result Uganda responded by issuing new national 
ART treatment guidelines shifting the threshold for 
initiating ART from < 250 (9) to < 350 cells/mm 3 (10). 

Over the last decade, ART has become more readily 
available with some countries even achieving universal 
ART access (11). There is a debate among experts 
concerning whether HIV-infected people are initiated 
on ART too late (12). Evidence shows that delayed 
ART initiation is associated with poorer outcomes such 
as morbidity (13), and that starting ART at higher CD4 
cell count reduces the risk of death (14). Besides the effect 
of ART on reducing mortality and morbidity, early 
initiation of ART has been reported to reduce HIV 
transmission by up to 56% (15). 

By providing ART only to HIV-infected people with a 
low CD4 cell count, it indirectly implies that mortality 
among HIV-infected individuals whose immune status is 
still competent, as evidenced by higher CD4 count, is low 
and similar to that observed in the general population. 
However, a large observational study in Europe and 
North America of over 40,000 patients reported higher 
death rates among HIV-infected ART naive individuals 
with CD4 cell counts >350 cells/mm 3 than among the 
general population (16). 

Several studies have reported predictors of mortality 
among HIV-infected people but mainly among those with 
advanced immunosuppression and on ART. A retro- 
spective ART cohort study in Ethiopia reported weight 
loss > 10%, bedridden functional status at baseline, 
advanced WHO clinical stage and CD4 cell count 
<200 cells/mm 3 as independent predictors of death 
(17). Another hospital-based ART follow-up study in 
Thailand reported anaemia and severe immunosuppres- 
sion at baseline as predictors of early mortality, whereas 
CD4 increase from a baseline CD4 of <50 cells/mm 3 , 
persistent anaemia and virological response at 6 months 
were identified as predictors of long-term mortality (18). 
On the other hand, a longitudinal pre-ART study in 
Zimbabwe reported haemoglobin and HIV clinical sta- 
ging (CDC classification) as strong independent predic- 
tors of mortality, but this study did not assess predictors 
of mortality stratified by CD4 cell count (19). 

Although most HIV-associated deaths occur in sub- 
Saharan Africa, information on mortality and its pre- 
dictors among ART naive individuals with high CD4 cell 
counts is still scarce, yet this information is useful in 



informing policy on the most appropriate time to start 
ART. Data on mortality patterns among HIV-infected 
persons with high CD4 cell counts are essential before 
expanding access to ART among this group. 

We conducted the current study among HIV-infected 
ART naive individuals with CD4 cell count >350 cells/ 
mm 3 . We estimated overall mortality, compared mortality 
in the CD4 cell count category 350-499 cells/mm 3 with 
that in the >500 cells/mm 3 category, and compared 
mortality among study participants with mortality in the 
general population in Uganda. We also investigated risk 
factors for death among HIV-infected ART naive persons 
with CD4 cell count > 350 cells/mm 3 . 

Methods 

Setting and study population 

The Rural Clinical Cohort (RCC) is an open HIV cohort 
that followed a total of 696 HIV-positive participants 
between 1992 and 2011. It is located in rural southwest 
Uganda and was established to study the natural history 
of HIV infection. The study setting has a stable, homo- 
geneous population with most people belonging to the 
Baganda tribe. The majority of people are Christians and 
half the population is below 15 years of age (20). The 
RCC is nested within a large general population cohort 
(GPC) that conducts annual serosurveys and census on 
20,000 residents of 25 study villages (21-23). In 1990, the 
RCC recruited one third of the HIV prevalent cases 
identified in the 1989 baseline GPC serosurvey; there- 
after, HIV incident cases identified in subsequent annual 
GPC serosurveys were recruited (24). Following ART 
availability in Uganda in 2004, HIV-positive cases that 
remained in the GPC were invited to be screened and 
were enrolled into RCC if they qualified to start ART. 

Study participants' recruitment and follow-up 

Trained field workers visited individuals eligible for 
enrolment, explained the nature of the study and invited 
them to the study clinic where they gave informed consent 
before enrolment. After enrolment, study participants 
attended scheduled visits every 3 months at the study 
clinic. Data collected included medical, demographic, 
sexual and behavioural history and WHO clinical stage. 
HIV infection was staged according to WHO clinical 
staging (25). The WHO clinical staging system was 
developed in 1990 to guide physicians, in resource-limited 
settings, to make decisions related to management of 
HIV/AIDS patients. According to the WHO clinical 
staging system, HIV disease progression is grouped into 
four stages, i.e. stages 1, 2, 3 and 4. Study participants 
attended interim visits whenever ill and they received free 
investigations and treatment according to national guide- 
lines (26) or were referred to a nearby health facility 
about 20 km away, for in-patient management. In 2004, 
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ART was introduced for all eligible HIV-infected indivi- 
duals according to the existing National ART guide- 
lines at the time (27). These guidelines described ART 
eligibility then as: CD4 count of 200 cells/mm 3 or below, 
or WHO clinical stage 4, or advanced stage 3 with 
persistent or recurrent oral thrush and invasive bacterial 
infections regardless of CD4 count, or CD4 count of 250 
cells/mm 3 or below in pregnancy. Although the National 
Cotrimoxazole prophylaxis guidelines were released in 
2005 (28), cotrimoxazole prophylaxis among HIV- 
infected individuals had been introduced in the cohort 
in 2004. To minimize loss to follow-up, study participants 
were transported to the study clinic (or given transport 
refund) for their scheduled visits, and those who missed 
their scheduled visits were visited at home within 3 days. 
Field workers who received information about a study 
participant's death by the deceased's next of kin, relative, 
friend or community-based recorders in the GPC notified 
study clinicians of deaths. 

Laboratory assessment 

CD4 cell counts were measured every 6 months among 
HIV-infected study participants not yet on ART, using 
FACS Count Machine (Becton Dickinson, San Jose, 
California, USA). HIV viral load measurement was 
done at enrolment and annually thereafter, using two 
methods during the study. Up to September 2007, we 
used the VERSANT RNA 3.0 (Bayer, Bayer HealthCare, 
NY, USA) assay (lower detection limit = 50 copies/ml). 
However, due to problems with lack of reagents and lack 
of service support, we used the COBAS Amplicor 
MONITOR 1.5 (Roche, Roche Molecular Systems, NJ, 
USA) assay (lower detection limit = 400 copies/ml) from 
October 2007 onwards. Other laboratory tests done at 
scheduled visits included thick blood malaria smears, 
stool analysis, urine examination and full blood counts. 

Outcome 

The outcome of interest was death, with mortality rates 
(MRs) estimated from deaths per 1,000 person-years 
(PY), and age- and sex- standardised MRs. 

Exposures 

The primary exposure variable was current CD4 count 
350-499 and >500 cells/mm 3 among ART naive HIV- 
infected individuals. The following secondary exposure 
variables were measured at enrolment: age, sex, tobacco 
consumption (measured as years of tobacco consumption 
and number of times tobacco is consumed each day), 
alcohol consumption (measured as number of units 
consumed and number of consumption days each 
week), level of education (none, primary and secondary 
or above) and height (in centimetres). The following 
secondary exposure variables were measured at enrol- 
ment and every 3 months: marital status (married, with 
steady sexual partner, single, divorced or widowed), 



diarrhoea (three or more loose motions each day) for 
more than 1 month, WHO clinical stage (measured as 
stage 1, 2, 3 or 4), malaria (diagnosed from blood smear), 
height, weight (in kilograms) and viral load. 

Statistical analysis 

Data were double-entered, cleaned and validated using a 
MS Access database and analysed using STATA version 
11.0 (StataCorp, College Station, Texas, USA). Mortality 
data from the general Ugandan population were ex- 
tracted from the 20 1 1 Uganda Demographic and Health 
Survey (DHS) (29). At the time of the DHS, there were a 
total of 80 districts from which a representative sample of 
9,854 households was selected using multistage sampling. 
Age-specific MRs, for women and men aged 1 5-49 years, 
were calculated for the 7 years before the survey was 
carried out (mid-2004 to mid-2011). 

Because our primary objective was to estimate mor- 
tality among HIV-positive persons who were not yet 
eligible for ART, person-time at risk started at the first 
CD4 cell count >350 cells/mm 3 and was censored at the 
earliest of death, CD4 cell count < 350 cells/mm 3 , start of 
ART or date last seen. Multiple episodes of observation 
and gaps were allowed if an individual's CD4 count fell 
below 350 and then later increased to >350 cells/mm 3 
without ART initiation. Loss to follow-up was defined as 
a participant who was not known to be dead but had not 
been seen at the study clinic for at least 1 year. If a 
participant missed a CD4 cell count at a scheduled visit, 
the value from the previous visit was carried forward, 
if within the last 6 months. CD4 cell counts were con- 
sidered to be unknown during periods when there was 

> 6 months since the last CD4 cell count and this period 
was excluded from the analysis. Similarly, viral load data 
were carried forward if the previous measurement was 
less than 12 months ago. Viral load measurements were 
considered to be unknown in the periods when there was 

> 12 months since the last measurement. 

Baseline characteristics (defined as the point when the 
participant first entered the analysis) were calculated and 
tabulated by CD4 count category. Calendar time was 
divided into two periods before ART was available (1992- 
1999 and 2000-2003) and two periods after ART was 
available (2004-2007 and 2008-2011). MRs were calcu- 
lated using standard person-year methods. Crude and 
adjusted rate ratios (RR) were calculated using Poisson 
regression and associations assessed using likelihood 
ratio tests (LRT). Adjusted RRs (aRR) for CD4 count 
category, adjusted for the effect of current age, sex and 
calendar period as a priori confounders, were calculated. 
Effect modification of CD4 cell count category by age, 
sex and calendar period was also assessed. 

To identify independent risk factors for mortality, a 
multivariate Poisson model was constructed. Current age 
was considered to be a priori confounder and included in 
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all models. Variables that were measured at each visit were 
analysed as time-updated exposures. Risk factors that were 
associated with mortality at P < 0.20 in the univariate 
analysis were assessed for inclusion in the multivariate 
model. A forward stepwise method was used, starting with 
the factor that had the strongest association and adding 
other factors to the model one by one; those that were 
associated at P <0.05 were retained. In the final model, 
effect modification between CD4 count category and each 
of the other covariates was assessed. Survival probabilities 
were evaluated using Kaplan-Meier curves stratified by 
CD4 count categories. Standardised mortality ratios 
(SMRs) for age and sex were calculated using the indirect 
method and the analysis was restricted to 15-49 years of 
age to match with the Uganda DHS data. With the indirect 
method of standardisation, the age- and sex-specific MRs 
in the Ugandan population are multiplied by the person- 
years in each sex and age group in our study cohort to 
obtain the expected number of deaths in our cohort if the 
two populations had the same mortality. 

Ethical considerations 

The RCC from which this data was extracted received 
ethical approval from the Uganda Virus Research Institute 
Science and Ethics committee and the Uganda National 
Council for Science and Technology. All informed consent 
and confidentiality procedures were adhered to. 

Results 

Characteristics of participants 

Between June 1992 and March 2011, 374 participants 
had a CD4 cell count >350 cells/mm 3 on at least one 
occasion during follow-up (Table 1). Overall median 
age among study participants was 31 years (IQR: 25- 
41), and 55% (« =204) were females. At baseline, defined 
as entry to the analysis, 71% (« =264) of participants had 
a CD4 cell count >500 cells/mm 3 , and 29% had a CD4 
cell count of 350-499 cells/mm 3 . The majority (n =243, 
65%) of participants were married or had a steady sexual 
partner, and had some primary education (66%). Most 
participants (65%) reported not using tobacco and not 
consuming alcohol (69%). Sixteen percent of participants 
had a body mass index (BMI) < 18.5 Kg/m 2 , 8% had 
haemoglobin level of < 1 1 g/dL, and 3.2% were in WHO 
clinical stage 3 or 4. There were no significant differences 
in the distribution of the baseline characteristics by CD4 
cell count category. 

Missing data 

At baseline, only a small proportion of participants 
( < 10%) had missing data for most covariates, except 
for haemoglobin that was missing for 23% participants 
(Table 1). During follow-up, CD4 counts were missing 
in 15% of the total observation time, and viral load 

4 

(page number not for citation purpose) 



measurements were missing during 31% of observation 
time. Other covariates were missing for < 2% of observa- 
tion time, except for haemoglobin which was missing for 
9% of observation time. 

Follow-up time and survival among participants 
with CD4 >350 cells per mm 3 

Thirteen (3.5%) participants were censored due to loss to 
follow-up, of whom 1 1 (85%) had a CD4 cell count > 500 
cells/mm 3 and two (15%) had a CD4 cell count 350-499 
cells/mm 3 . Overall, the 374 participants in the periods 
with CD4 cell count >350 cells/mm 3 contributed 1,328 
PY at risk. There were 2,921 visits made by 295 par- 
ticipants during periods of CD4 count 350-499 cells/ 
mm 3 ; 60% (« = 1,766) of visits were scheduled follow- 
up visits and the remainder were interim (unscheduled) 
visits. At 43 scheduled visits (2.4%), participants reported 
having been hospitalised since their last visit; overall, 
34 participants (11.5%) were hospitalised at least once 
during a period when their CD4 count was 350-499 cells/ 
mm 3 . There were 5,521 visits made by 309 participants 
during periods of CD4 counts >500 cells/mm 3 ; 64% 
(n= 3,551) of visits were scheduled follow-up visits. 
Participants reported having been hospitalised at 66 
scheduled visits (1.9%); overall, 48 participants (15.5%) 
were hospitalised at least once when their CD4 count was 
>500 cells/mm 3 . 

There were 27 deaths among the study participants 
(overall MR =20.34/1,000 PY; 95% CI: 13.95-29.66). 
Twelve deaths occurred among individuals with CD4 cell 
count 350-499 (MR =27.10/1,000 PY; 95% CI: 15.37- 
47.66) and 15 deaths among individuals with CD4 count 
>500 (MR = 17.00/1,000 PY; 95% CI: 10.23-28.14) 
(Table 4). Twelve deaths (MR = 17.20/1,000 PY; 95% 
CI: 9.77-30.29) occurred in the pre-ART period (1990- 
2003) and 15 deaths (MR =23.80/1,000 PY; 95% CI: 
14.35-39.48) occurred in the ART period (2004-2011) 
(Data not shown). 

Although not statistically significant, the unadjusted 
MR in participants with CD4 cell count 350-499 cells/ 
mm 3 was 1.6 times higher than in those with CD4 cell 
count >500 cells/mm 3 (Table 2 and Fig. 1). After 
adjusting for age, sex and calendar period, the risk of 
death among those with CD4 cell count 350-499 cells/ 
mm 3 remained higher than among those with CD4 cell 
count >500 cells/mm 3 , but the difference was still not 
statistically significant (aRR:1.44; 95% CI: 0.71-3.25) 
(Table 2). There was some evidence that the effect of 
CD4 cell count category varied by calendar period. Par- 
ticipants with CD4 cell count category 350-499 cells/ 
mm 3 had a higher MR than those with CD4 cell count 
>500 cells/mm 3 in the period before 2004, however, 
after 2004, the MR in participants with CD4 cell count 
350-499 cells/mm 3 was lower than that that in partici- 
pants with CD4 cell counts > 500 cells/mm 3 (P-value for 
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Table 1. Distribution of characteristics at study entry by CD4 cell count category 



CD4 cell count (cells/mm 3 ) N =374 



Characteristic 350-499 n = 110 (column %) >500 n =264 (column %) Total (column %) 



Age (years) 




P = 0.49 




14-19 


9 (8.2) 


22 (8.3) 


31 (8.3) 


20-29 


33 (30.0) 


103 (39.0) 


136 (36.4) 


30-39 


33 (30.0) 


70 (26.5) 


1 03 (27.5) 


40-49 


22 (20.0) 


39 (14.8) 


61 (16.3) 


>50 


13 (11.8) 


30 (1 1 .4) 


43 (1 1 .5) 


Overall median age (IQR) 


32 (25-43) 


30 (24-40) 


31 (25-41) 


Sex 




P = 0.11 




Female 


53 (48.2) 


151 (57.2) 


?04 IRA K\ 


Male 


57 (51.8) 


113 (42.8) 


170 (45.5) 


1 nrje 










57 (51 .8) 


162 (61.4) 


219 (58 


I ' gi lycu well I \j a 


28 (25.5) 


59 (22.3) 


87 (23.3) 


Other 


17 (15.5) 


^R M ^ 


53 (14 2) 


Missing 


8 (7.3) 


7 (2.7) 


15 (4.0) 


Religion 




P = 0.07 




Catholic 


61 (55.5) 


1 70 (64.4) 


231 (61.8) 


Church of Uganda 


24 (21 .8) 


37 (14.0) 


61 (16.3) 


Other 


18 (16.4) 


50 (18.9) 


68 (18.2) 


Missing 


7 (6.4) 


7 (2.7) 


14 (3.7) 


Marital status 




P = 0.88 




Married /Steady sexual partner 


73 (66.4) 


1 70 (64.4) 


243 (65.0) 


Single 


9 (8.2) 


25 (9.5) 


34 (9.1) 


Divorced/widowed 


27 (24.5) 


64 (24.2) 


91 (24.3) 


Missing 


1 (0.9) 


5 (1 .9) 


6 (1 .6) 


Education level 




P = 0.47 




None 


14 (12.7) 


43 (16.3) 


57 (15.2) 


Primary 


72 (65.5) 


1 75 (66.3) 


247 (66.0) 


Secondary and above 


18 (16.4) 


39 (14.8) 


57 (15.2) 


Missing 


6 (5.5) 


7 (2.7) 


13 (3.5) 


Alcohol consumption (times/week) 




P = 0.14 






cn icn -j\ 


1 Qn (~70 r\\ 


OCQ ICQ ^\ 


1-3 


30 (27.3) 


59 (22.4) 


89 (23.8) 


>4 


10 (9.1) 


1 5 (5.7) 


25 (6.7) 


Missing 


1 (0.9) 


0 


1 (0.3) 


Years of tobacco use 




P = 0.79 




Don't use 


70 (63.6) 


172 (65.2) 


242 (64.7) 


<5 


10 (9.1) 


31 (11.7) 


41 (11.0) 


6-10 


7 (6.4) 


14 (5.3) 


21 (5.6) 


11-19 


12 (10.9) 


21 (8.0) 


33 (8.8) 


>20 


4 (3.6) 


14 (5.3) 


18 (4.8) 


Missing 


7 (6.4) 


12 (4.5) 


19 (5.1) 


Body mass index (Kg/m 2 ) 




P = 0.46 




>25.0 


5 (4.5) 


21 (8.0) 


26 (7.0) 


18.5- <25 


83 (75.5) 


201 (76.1) 


284 (75.9) 


<18.5 


20 (18.2) 


40 (15.2) 


60 (16.0) 


Missing 


2 (1.8) 


2 (0.8) 


4 (1.1) 
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Table 1 (Continued) 



CD4 cell count (cells/mnr ) N =374 



Characteristic 



350-499 n = 1 1 0 (column %) 



>500 n =264 (column %) 



Total (column %) 



Haemoglobin (g/dL) 




P = 0.70 




<11.0 


9 (8.2) 


21 (8.0) 


30 (8.0) 


> 11.0 


76 (69.1) 


172 (65.2) 


248 (66.3) 


Missing 


25 (22.7) 


71 (26.9) 


96 (25.7) 


WHO stage 




P = 0.64 




1 


91 (82.7) 


215 (81.4) 


306 (81 .8) 


2 


13 (11.8) 


29 (1 1 .0) 


42 (1 1 .2) 


3 and 4 


4 (3.6) 


8 (3.0) 


12 (3.2) 


Missing 


2(1.8) 


12 (4.5) 


14 (3.7) 



P-value from Chi-squared test for comparison of proportions. 



interaction =0.02). There was no evidence of effect modi- 
fication by age (P = 0.38) or sex (P = 0.97). 

Mortality in participants with CD4 > 350 cells per 
mm 3 compared with the general population 

Among individuals aged 15-49 years, the MR in the 
Ugandan population was 5.66/1,000 PY (95% CI: 5.46- 
5.87), compared with 16.43/1000 PY (95% CI: 10.48- 
25.75) among study participants with CD4 count >350 
cells/mm 3 . Mortality was 146% higher among study 
participants with CD4 counts of 350-499 cells/mm 3 
(SMR=246%; 95% CI: 117-516%) and 123% higher 
among study participants with CD4 counts of >500 
cells/mm 3 (SMR: 223%; 95% CI: 127-393%). Mortality 
in male participants with CD4 > 350 cells/mm 3 was more 
than double that in males in the general Ugandan 
population (SMR: 313%; 95% CI: 173-565%). Mortality 
in female participants with CD4 >350 cells/mm 3 was 
over 100% higher than that in females in the general 
Ugandan population (SMR: 245%; 95% CI: 123-490%; 
Table 3). 

Risk factors for mortality among participants 
with CD4 >350 cells/mm 3 

In the univariate analysis, mortality was strongly asso- 
ciated with increasing current age (RR=2.8; 95% CI: 
1.1-7.5 comparing those aged >50 years with those 



30-39 years; P =0.001) and decreasing BMI (RR = 17.1; 
95% CI: 7.0-41.8, comparing BMI < 17.5 Kg/m 2 with 
BMI > 18.5 Kg/m 2 ; P<0.001). Mortality was also 
strongly associated with a haemoglobin level < 1 1 g/dL 
(RR=3.8; 95% CI = 1.6-8.8; P = 0.005) and increasing 
WHO clinical stage (17.9; 95% CI: 7.4-43.3, comparing 
WHO stage 3 or 4 and WHO stage 1; P <0.001). There 
was also an association between mortality and increasing 
viral load (RR=4.4; 95% CI: 1.1-18.5, comparing viral 
load categories > 250,000 copies/ml and < 25,000 copies/ 
ml; P = 0.003). 

In the multivariate analysis, after adjusting for current 
age, independent factors associated with mortality were 
decreasing BMI (aRR=6.1; 95% CI: 2.3-16.2, compar- 
ing BMI < 17.5 kg/m 2 to BMI > 18.5 kg/m 2 ; P <0.001) 
and increasing WHO clinical stage (aRR = 10.2, 95% CI: 
3.8-27.2 comparing WHO stage 3 or 4 to WHO stage 1; 
P < 0.001) (Table 4). After adjusting for current age, BMI 
and WHO stage, although mortality was slightly higher 
in those with CD4 cell count 350-499, there was no 
evidence of an association with CD4 count category 
(aRR = 1.2, 95% CI; 0.6-2.7; P=0.63). There was no 
evidence of effect modification of CD4 count category by 
any of the covariates in the final model (P-value for 
interaction with age =0.42, with BMI =0.77 and with 
WHO stage =0.36). 



Table 2. Crude rate ratios and rate ratios adjusted for current age, sex and time period, by CD4 cell count category 



CD4 category 
(cells/mm 3 ) 


Deaths 
(person-years) 


Mortality rate/1,000 
person-years (95% CI) 


Crude rate 
ratio (95% CI) 


Adjusted rate 
ratio (95% CI) 








P = 0.23 f 


P = 0.29 t 


>500 


15 (884) 


17.00 (10.23-28.14) 


1.00 


1.00 


350-499 


12 (443) 


27.07 (15.37-47.66) 


1.60 (0.75-3.41) 


1.52 (0.71-3.25) 



95% CI =95% confidence interval. 
f P-value from likelihood ratio test. 
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Fig. 1. Kaplan-Meier survival function for cohort, by CD4 cell count category. 51 
a P-value for log-rank test for equality of survival function =0.14. 



15 



Discussion 

In this study, we found that mortality among individuals 
with CD4 cell count 350-499 cells/mm 3 was higher than 
that among people with CD4 > 500 cells/mm 3 , although 
this was not statistically significant. Individuals with CD4 
cell count 350-499 cells/mm 3 and >500 cells/mm 3 had 
146% and 123% higher risk of death compared with the 
general population of Uganda. After adjusting for age, 
increasing WHO clinical stage and decreasing BMI were 
independent predictors of death. 



Among the strengths of this study was the prospective 
study design, which allowed measurement of the main 
exposure of interest (CD4 cell count), and other time- 
varying exposures. There was active tracing of partici- 
pants who missed their scheduled visits which ensured 
good compliance, minimized loss to follow-up and re- 
duced number of missed deaths. Participant recruitment 
was done from a general population source which min- 
imized selection bias and made study findings more 
representative of the population. The long study duration 



Table 3. Standardised mortality ratios (SMRs), by sex, among individuals <49 years and CD4 cell count >350 cells/mm 3 





Observed 


Observed follow- 


Mortality rate in standard 


Expected 




cohort deaths 


up (person-years) 


population (per 1 ,000 person-years) 


deaths 


SMR (95% CI) 


Age (>500 cells/mm 3 ) 












15-29 years 


1 


325 


3.5 


1.14 




30-39 years 


4 


300 


8.2 


2.46 




40-49 years 


7 


150 


11.9 


1.79 




Overall 


12 


775 


5.7 


5.39 


223% (127-393%) 


Age (350-499 cells/mm 3 ) 












1 5-29 years 


1 


119 


3.5 


0.42 




30-39 years 


4 


178 


8.2 


1.46 




40-49 years 


2 


81 


11.9 


0.96 




Overall 


7 


378 


5.7 


2.84 


246% (117-516%) 


Males 












>500 cells/mm 3 


6 


353 




2.29 




350-499 cells/mm 3 


5 


188 




1.22 




Overall 


11 


541 


6.5 


3.51 


313% (173-565) 


Females 












>500 cells/mm 3 


6 


422 




2.24 




350-499 cells/mm 3 


2 


194 




1.03 




Overall 


8 


616 




3.27 


245% (123-490%) 
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Table 4. Univariate and multivariate analysis 
cells/mm 3 


Ul laCLOl S aaSUCldLCU Willi 


LlcaLIl alllUIlg lllUlvltlUd.la 


with CT~)d ">3S0 
Willi V. L/t ^ JJ\J 


Variable 


Deaths 
(person-years) 


Mortality rate 
(per 1 ,000 person-years) 


Crude rate ratio 
(95% CI) 


Adjusted rate ratio* 
(95% CI) 


Current age (years) 






p — n nm t 

r — U.uU I 


p n let 

r — U. ID 


14-29 


2 (446) 




n 97 en or 1 971 


U.t I (U.US7 — I .£7uj 


30-39 


8 (480) 


16.7 


1.00 


1.00 


40-49 


9 (231) 


39.0 


2.34 (0.90-6.05) 


1.81 (0.69-4.72) 


>50 


8(171) 


46.8 


2.81 (1.05-7.48) 


1.61 (0.58-4.50) 


Sex 






P=0.23 t 


P=0.85 t 


Female 


11 (693) 


15.9 


1.00 


1.00 


Male 


16 (635) 


25.2 


1.59 (0.74-3.42) 


1 .08 (0.48-2.45) 


Marital status* 






P = 0.10 t 


P=0.09 t 


Married 


1 3 (885) 


14.7 


1.00 


1.00 


Single 


2 (120) 


16.7 


1.14 (0.26-5.04) 


1.18 (0.26-5.49) 


Widowed/Divorced 


11 (307) 


35.8 


2.44 (1.09-5.44) 


3.21 (0.64-16.16) 


Alcohol consumption 






P = 0.37 f 


P=0.11 1 


Yes 


1 8 (986) 


18.3 


1.00 


1.00 


No 


9 (340) 


26.4 


1 .45 (0.65-3.22) 


2.07 (0.87-4.96) 


Tobacco use* 






P = 0.08 t 


P=0.90 t 


No 


11 (884) 


12.4 


1.00 


1.00 


Yes 


11 (417) 


26.4 


2.12 (0.92-4.89) 


0.94 (0.37-2.40) 


Body mass index (Kg/m 2 )* 






p n nn-it 

r U.UU 1 


p ~* n nni t 

r < U.UU I 


>18.5 


8 (1,101) 


7.3 


1.00 


1.00 


17.5- < 18.5 


6 (121) 


49.8 


6.85 (2.38-19.73) 


4.52 (1.54-13.32) 


<17.5 


12 (97) 


124.3 


17.10 (6.99-41.84) 


6.11 (2.30-16.20) 


Haemoglobin (g/dL)* 






P = 0.005 f 


P=0.09 + 


>11.0 


17 (1,100) 


15.8 


1.00 


1.00 


<11 


8 (134) 


59.7 


3.78 (1 .63-8.76) 


0.43 (0.17-1.07) 


CD4 category 






P=0.23 t 


P=0.65 t 


>500 cells/mm 3 


1 5 (884) 


17.0 


1.00 


1.00 


350-499 cells/mm 3 


12 (443) 


27.1 


1.60 (0.75-3.41) 


1 .22 (0.56-2.67) 


WHO stage 






p n nm t 

r U.UU I 


p ^ n nni t 

r < U.UU I 


1 


8 (987) 


8.1 


1.00 


1.00 


2 


6 (241) 


24.9 


3.07 (1 .07-8.85) 


2.36 (0.77-7.19) 


3 and 4 


13 (89) 


145.5 


17.94 (7.44-43.29) 


10.18 (3.82-27.15) 


Malaria during follow-up* 






P = 0.44 f 


P=0.81 t 


No 


23 (1,151) 


20.0 


1.00 


1.00 


Yes 


2 (169) 


11.8 


0.59 (0.14-2.51) 


0.84 (0.20-3.61) 


Diarrhoea > 1 month 






P=Q.18 t 


P=0.48 1 


No 


26 (1,319) 


19.7 


1 .00 


1 00 


Yes 


1 (9) 


I I cL. I 


r rq m 77 aa ctn\ 


9 9fi ffl 9Q 17 AA\ 


Viral load (copies/ml)* 






P = 0.03 f 


P=0.45 + 


< 25,000 


5 (467) 


10.7 


1.00 


1.00 


25,000- < 100,000 


4 (268) 


14.9 


1 .39 (0.37-5.20) 


0.92 (0.24-3.47) 


100,000- < 250,000 


6 (114) 


52.5 


4.90 (1.49-16.05) 


2.37 (0.69-8.17) 


> 250,000 


3(64) 


47.2 


4.41 (1.05-18.45) 


1 .67 (0.35-7.00) 
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Table 4 (Continued) 



Variable 


L/cdiria 

(person-years) 


Mortality rate 

(per 1 ,000 person-years) 


UlUUc idle IdllU 

(95% CI) 


MUJUblcU idle IdLKJ 

(95% CI) 


Calendar period 






P=0.67 f 


P=0.27 + 


1992-1999 


5 (381) 


13.1 


1.00 


1.00 


2000-2003 


7 (315) 


12.2 


1 .69 (0.54-5.33) 


1.60 (0.50-5.11) 


2004-2007 


8 (350) 


22.8 


1 .74 (0.57-5.32) 


1.82 (0.57-5.78) 


2008-2011 


7 (281) 


24.9 


1 .90 (0.60-6.00) 


3.22 (0.99-10.39) 



'Variables with some missing data. For all variables except haemoglobin and viral load, data are missing for <2% of total observation 
time. Haemoglobin missing for 8.8% of observation time (117 PY) and viral load missing for 31.3% (415 PY). 
^-value from likelihood ratio test. 

:|: Adjusted for age (a priori) and all independent predictors of mortality (variables in bold): age, BMI and WHO stage. The final model was 
based on 1,308 PYof observation time and 26 deaths. 



enabled us to accrue a reasonable number of person-years 
of observation. 

However, the study limitations included the small 
numbers of deaths which makes mortality estimates from 
our study subject to substantial reduction in statistical 
power. The study lacked information on the duration of 
HIV infection for participants who had been recruited as 
prevalent cases. Since disease duration is a key factor 
known to influence mortality among HIV-infected indivi- 
duals, survival bias could not be excluded. The analysis 
did not take into account of the confounding effect of 
tuberculosis which is prevalent in the study area and a 
major cause of death. Some of the time-varying variables 
such as smoking and education were not recorded during 
follow-up. The big proportion of observation time in which 
some exposure variables such as CD4 cell count (the main 
exposure of interest) and viral load were missing had an 
impact statistical power. Lastly, there was no adjustment 
made for cotrimoxazole prophylaxis on the individual level 
since these data were not available; however, we did adjust 
for calendar period which would have captured some 
of this effect, since cotrimoxazole was prescribed for all 
patients after 2004. 

Although not significant due to small numbers, the 
higher mortality among individuals with CD4 cell count 
350-499 cells/mm 3 compared with CD4 cell count > 500 
cells/mm 3 is an indication of the increased risk of mortality 
associated with deteriorating immune status which has 
been reported in previous studies (30, 31). Our reported 
MRs in the CD4 categories of 350-499 and >500 cells/ 
mm 3 (17.0 and 27.1 per 1,000 PY, respectively) are similar 
to what has been reported in a pre-ART follow-up study 
done in Ivory Coast (32). However, our observed MRs 
are lower than what was reported in a pre-ART study in 
West Africa (33). The latter was a bigger study based on 
data from five longitudinal cohorts. However, that study 
did not have data from a reference population to enable the 



calculation of SMRs to compare observed mortality with 
background population mortality. 

Individuals who are on ART and have achieved high 
CD4 cell count have been reported to have a similar 
mortality experience to that of the general population (34). 
Therefore, one would expect a similar mortality experience 
among HIV-infected ART naive individuals with compar- 
able immune status. However, our results indicate that 
people with CD4 cell count > 350 cells/mm 3 have a higher 
risk of death than that in the general population of 
Uganda. A study in France also reported a higher overall 
mortality among individuals on combinational ART than 
in the general population. However, among individuals 
who had attained CD4 cell counts >500 cells/mm 3 , the 
mortality which was higher than that in the general 
population up to 3 years on ART reached the level in the 
general population after the sixth year on ART (35). In 
reality, not offering ART to people with CD4 cell count 
>350 cells/mm 3 is mainly due to cost implications and 
concerns about long-term potential side effects, but it may 
also indirectly imply that the risk of death among this 
group of individuals is low. In our cohort, where partici- 
pants were regularly reviewed by study clinicians and 
received free medical care, one would expect mortality to 
be similar to that seen in the general population of 
Uganda. There is evidence that participants in cohorts 
with free access to investigations and treatment are less 
likely to die (32) and therefore mortality estimates from 
our cohort are likely to underestimate mortality of HIV- 
positive individuals in Uganda in general. 

Our results raise three important questions for physi- 
cians and policy makers in the developing countries 
where the threshold for starting ART is <350 cells per 
mm 3 : 1) Are we still waiting too long to start HIV- 
infected individuals on ART? 2) Are we actually treating 
all individuals who need ART? 3) Is it still necessary to 
start people on ART basing on CD4 cell count cut-offs? 
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The above questions have to be answered in the context 
of available evidence and the economical implications of 
starting ART at higher CD4 cell counts in the developing 
world. 

Although this study is based on small numbers, it 
supplements the existing evidence that mortality among 
HIV-infected people with high CD4 cell count is higher 
than that in the general population. More light will be 
shed from results of an ongoing multi-site randomized 
START Trial that is assessing whether immediate initia- 
tion of ART at CD4 cell counts above 500 cells/mm 3 is 
superior to deferral of ART until CD4 cell count declines 
below 350 cells/mm 3 (36). Nevertheless, long-term bene- 
fits of ART, especially in reducing HIV-associated 
mortality and morbidity and reducing HIV transmission, 
clearly outweigh the cost implications which are often 
cited in sub-Saharan Africa. 

Increasing WHO clinical stage and decreasing BMI 
were identified as predictors of death among individuals 
with CD4 cell count above >350 cells/mm 3 . WHO 
clinical stage and BMI could both reflect underlying 
morbidity such as tuberculosis which is common among 
HIV-infected persons in sub-Saharan Africa and is a 
major cause of death. Low BMI can also reflect other 
conditions like malnutrition and HIV wasting syndrome 
which are associated with HIV infection and are well 
known to lead to poor survival. These findings further 
confirm the importance of WHO clinical stage assess- 
ment in HIV care, especially in this era when CD4 cell 
count is increasingly becoming available to clinicians. 

Conclusion 

This study provides additional evidence that mortality 
among HIV-infected ART naive individuals with CD4 
cell count > 350 cells per mm 3 is higher than that in the 
general population. To avert these preventable deaths, 
ART guidelines in developing countries should aim to 
initiate ART at higher CD4 cell counts than the current 
threshold, as is done in developed countries. Conse- 
quently, there is a need to allocate more resources for the 
expected increase in patients initiating ART at the higher 
CD4 threshold. After adjusting for current age, WHO 
clinical stage and BMI were the main predictors of 
mortality, and they should be considered during the 
clinical assessment for ART eligibility. 

Acknowledgements 

We acknowledge the contributions of all the staff of the RCC, 
Clinical Diagnostic Laboratory Services, Statistics Section and the 
RCC study participants. 

Conflict of interest and funding 

All authors declare that there are no potential conflicting 
interests and therefore have nothing to declare. This study 



was funded by the Medical Research Council (UK) and the 
Department for International Development (DFID). The 
analysis for this paper was funded through the ALPHA 
network grant from the Wellcome Trust to LSHTM, grant 
ref number 090959/Z/09/Z. Study design, collection, analysis 
and interpretation of data, the writing of the paper, and the 
decision to submit the paper for publication was done 
independently of the funders. 

References 



1. Sewankambo NK, Gray RH, Ahmad S, Serwadda D, Wabwire- 
Mangen F, Nalugoda F, et al. Mortality associated with HIV 
infection in rural Rakai District, Uganda. AIDS 2000; 14: 
2391-400. 

2. Losina E, Figueroa P, Duncan J, Divi N, Wolf LL, Hirschhorn 
LR, et al. HIV morbidity and mortality in Jamaica: analysis of 
national surveillance data, 1993-2005. Int J Infect Dis 2008; 12: 
132-8. 

3. Van der Paal L, Shafer LA, Todd J, Mayanja BN, Whitworth 
JA, Grosskurth H. HIV-1 disease progression and mortality 
before the introduction of highly active antiretroviral therapy in 
rural Uganda. AIDS 2007; 21(Suppl 6): S21-9. 

4. Phillips AN, Elford J, Sabin C, Bofill M, Janossy G, Lee CA. 
Immunodeficiency and the risk of death in HIV infection. 
JAMA 1992; 268: 2662-6. 

5. Mocroft A, Ledergerber B, Katlama C, Kirk O, Reiss P, 
dArminio Monforte A, et al. Decline in the AIDS and death 
rates in the EuroSIDA study: an observational study. Lancet 
2003; 362: 22-9. 

6. Jahn A, Floyd S, Crampin AC, Mwaungulu F, Mvula H, 
Munthali F, et al. Population-level effect of HIV on adult 
mortality and early evidence of reversal after introduction of 
antiretroviral therapy in Malawi. Lancet 2008; 371: 1603-11. 

7. Mellors JW, Munoz A, Giorgi JV, Margolick JB, Tassoni CJ, 
Gupta P, et al. Plasma viral load and CD4+ lymphocytes as 
prognostic markers of HIV-1 infection. Ann Intern Med 1997; 
126: 946-54. 

8. WHO/UNAIDS (2010). Antiretroviral therapy for HIV infec- 
tion in adults and adolescents: recommendations for a public 
health approach: 2010 revision. Geneva: WHO/UNAIDS. 

9. Ministry of Health, Republic of Uganda (2008). National anti- 
retroviral treatment and care guidelines for adults and children. 
2nd ed. Kampala: Ministry of health, Republic of Uganda. 

10. Ministry of Health, Republic of Uganda (2011). The integrated 
national guidelines on antiretroviral therapy, prevention of 
mother to child transmission of HIV and infant & young 
child feeding. 1st ed. Kampala: Ministry of health, Republic of 
Uganda. 

11. WHO/UNAIDS (2010). Towards universal access, scaling up 
priority HIV/AIDS interventions in the health sector. Progress 
report 2010. Geneva: WHO. 

12. Ford N, Mills E, Calmy A. Rationing antiretroviral therapy 
in Africa-treating too few, too late. N Engl J Med 2009; 360: 
1808-10. 

13. Bartlett JA, Shao JF. Successes, challenges, and limitations of 
current antiretroviral therapy in low-income and middle-income 
countries. Lancet Infect Dis 2009; 9: 637-49. 

14. Kitahata MM, Gange SJ, Abraham AG, Merriman B, Saag MS, 
Justice AC, et al. Effect of early versus deferred antiretroviral 
therapy for HIV on survival. N Engl J Med 2009; 360: 1815-26. 

15. Auvert B, Males S, Puren A, Taljaard D, Carael M, Williams B. 
Can highly active antiretroviral therapy reduce the spread of 
HIV?: a study in a township of South Africa. J Acquir Immune 
Dene Syndr 2004; 36: 613-21. 



10 

(page number not for citation purpose) 



Citation: Glob Health Action 2014, 7: 21843 - http://dx.doi.org/10.3402/gha.v7.21843 



Mortality among HIV-infected ART naive individuals with CD4 counts >350 cells/mm 3 



16. Lodwick RK, Sabin CA, Porter K, Ledergerber B, van 
Sighem A, Cozzi-Lepri A, et al. Death rates in HIV-positive 
antiretroviral-naive patients with CD4 count greater than 350 
cells per microL in Europe and North America: a pooled cohort 
observational study. Lancet 2010; 376: 340-5. 

17. Biadgilign S, Reda AA, Digaffe T. Predictors of mortality 
among HIV infected patients taking antiretroviral treatment in 
Ethiopia: a retrospective cohort study. AIDS Res Ther 2012; 
9: 15. 

18. Fregonese F, Collins IJ, Jourdain G, Lecoeur S, Cressey TR, 
Ngo-Giang-Houng N, et al. Predictors of 5-year mortality in 
HIV-infected adults starting highly active antiretroviral therapy 
in Thailand. J Acquir Immune Defic Syndr 2012; 60: 91-8. 

19. Erikstrup C, Kallestrup P, Zinyama R, Gomo E, Mudenge B, 
Gerstoft J, et al. Predictors of mortality in a cohort of HIV-1- 
infected adults in rural Africa. J Acquir Immune Defic Syndr 
2007; 44: 478-83. 

20. Nakibinge S, Maher D, Katende J, Kamali A, Grosskurth H, 
Seeley J. Community engagement in health research: two 
decades of experience from a research project on HIV in rural 
Uganda. Trop Med Int Health 2009; 14: 190-5. 

21. Mulder DW, Nunn AJ, Wagner HU, Kamali A, Kengeya- 
Kayondo JF. HIV-1 incidence and HIV- 1 -associated mortality 
in a rural Ugandan population cohort. AIDS 1994; 8: 87-92. 

22. Mbulaiteye SM, Mahe C, Ruberantwari A, Whitworth JA. 
Generalizability of population-based studies on AIDS: a 
comparison of newly and continuously surveyed villages in 
rural southwest Uganda. Int J Epidemiol 2002; 31: 961-7. 

23. Asiki G, Murphy G, Nakiyingi-Miiro J, Seeley J, Nsubuga RN, 
Karabarinde A, et al. The general population cohort in rural 
south-western Uganda: a platform for communicable and non- 
communicable disease studies. Int J Epidemiol 2013; 42: 129-41. 

24. Morgan D, Malamba SS, Maude GH, Okongo MJ, Wagner 
HU, Mulder DW, et al. An HIV-1 natural history cohort and 
survival times in rural Uganda. AIDS 1997; 11: 633-40. 

25. WHO (1990). World Health Organisation clinical staging of 
HIV infection. Geneva: WHO. 

26. Ministry of Health, Republic of Uganda (2003). National guide- 
lines on management of common conditions. Uganda Clinical 
Guidelines. 1st ed. Kampala: Ministry of health, Republic of 
Uganda. 



27. Ministry of Health, Republic of Uganda (2003). National 
antiretroviral treatment and care guidelines for adults and children. 
1st ed. Kampala: Ministry of health, Republic of Uganda. 

28. Ministry of Health, Republic of Uganda (2005). National policy 
guidelines for cotrimoxazole prophylaxis for people with HIV/ 
AIDS. 1st ed. Kampala: Ministry of health, Republic of Uganda. 

29. UBOS, ICR Uganda Demographic and Health Survey 2011. 
Kampala, Uganda: Uganda Bureau of Statistics. Available from: 
http://www.ubos.org/onlinefiles/uploads/ubos/UDHS/UDHS201 1 . 
pdf [cited 15 August 2013]. 

30. Smit C, Geskus R, Walker S, Sabin C, Coutinho R, Porter K, 
et al. Effective therapy has altered the spectrum of cause-specific 
mortality following HIV seroconversion. AIDS 2006; 20: 741-9. 

31. Prins M, Sabin CA, Lee CA, Devereux H, Coutinho RA. Pre- 
AIDS mortality and its association with HIV disease progres- 
sion in haemophilic men, injecting drug users and homosexual 
men. AIDS 2000; 14: 1829-37. 

32. Anglaret X, Minga A, Gabillard D, Ouassa T, Messou E, 
Morris B, et al. AIDS and non-AIDS morbidity and mortality 
across the spectrum of CD4 cell counts in HIV-infected adults 
before starting antiretroviral therapy in Cote dTvoire. Clin 
Infect Dis 2012; 54: 714-23. 

33. Lewden C, Gabillard D, Minga A, Ekouevi DK, Avit D, Konate 
I, et al. CD4-specific mortality rates among HIV-infected adults 
with high CD4 counts and no antiretroviral treatment in West 
Africa. J Acquir Immune Defic Syndr 2012; 59: 213-19. 

34. Lewden C, Bouteloup V, De Wit S, Sabin C, Mocroft A, 
Wasmuth JC, et al. All-cause mortality in treated HIV-infected 
adults with CD4 >500/mm 3 compared with the general 
population: evidence from a large European observational 
cohort collaboration. Int J Epidemiol 2012; 41: 433-45. 

35. Lewden C, Chene G, Morlat P, Raffi F, Dupon M, Dellamonica 
P, et al. HIV-infected adults with a CD4 cell count greater than 
500 cells/mm 3 on long-term combination antiretroviral therapy 
reach same mortality rates as the general population. J Acquir 
Immune Defic Syndr 2007; 46: 72-7. 

36. START. START trial: the strategic timing of anti-retroviral 
treatment - an INSIGHT trial. Available from: http://insight. 
ccbr.umn.edu/start [cited 10 August 2013]. 



Citation: Glob Health Action 2014, 7: 21843 - http://dx.doi.org/10.3402/gha.v7.21843 



11 

(page number not for citation purpose) 



